I. INTRODUCTION
The series of cobaltite and manganite double oxide perovskites present a large variety of physical behaviors. Magnetic, electronic and lattice interactions lead to cooperative phenomena like superconductivity, electron transport, colossal magnetoresistance (associated to manganites) and lower magneto-resistance (associated to cobaltites) are topics of advanced research in Physics and Materials Science. These materials having a magnetoresistance are a focus of interest due to their applications in improving magnetic data storage. The family of double perovskites LaBaTM 2-δ O 6-δ (TM = Mn, Co) showing multi-magnetic transitions, such as paramagnetic to ferromagnetic and to antiferromagnetic, 1,2 have been investigated intensively in the last decades because these compounds also present a rich variety of interesting properties, more specifically, colossal magnetoresistance, charge and orbital ordering, and metal-insulator transition. 3, 4 Due to these properties, these compounds are good candidates for important technological applications such as oxidation catalysts, gas sensors and electron conduction devices. 1 Specifically, LaBaTM 2 O 6 compounds crystallize in a tetragonal structure with space group P4/mmm, however, these materials can present a disordered phase crystallizing in La 0.5 Ba 0.5 TMO 3 compounds, with oxygen deficiency and cubic structure (Pm-3m space group) due to the ordering of R 3+ and Ba 2+ ions changing the phase diagram. Ce is a probe nuclei specific to study the magnetic hyperfine field (B hf ) (due to its low electric quadrupole moment only dipole magnetic interactions are observed), it can be determined with high precision. In addition, their structural and morphology characteristic were checked by X-ray diffractions (XRD) and Transmission Electron Microscopy (TEM) respectively.
II. EXPERIMENTAL PROCEDURE

A. Sample preparation
Samples were synthesized by Sol-Gel rout from the starting materials La 2 O 3 , Ba(NO 3 ) 2 , and Mn powders with minimum purity of 99.95%. All starting materials were dissolved in nitric acid solution under magnetic stirring and heating (about 50 ○ C). After mixed the starting materials and added ethylene glycol and citric acid. The solution was in magnetic stirring and heating (about 120 ○ C) by some hours. The gel resulting was calcined in 550 ○ C by 12 hours. Finally, the powder resulting was heated at 1100 ○ C for 48 hours. Annealing and calcination was carried out under air atmosphere.
B. Structural and morphological characterization
The structure and morphology of samples were then characterized by XRD and TEM. The XRD results, displayed in Fig. 1 , show that samples of perovskite oxides present a cubic structure with the Pm-3m space group corresponding to the La 0.5 Ba 0.5 MnO 3 phase, which occurs due to an oxygen deficiency. When there is no oxygen deficiency, perovskite oxides present the regular LaBaMn 2 O 6 . Diffraction pattern of the sample can be seen in Fig. 1 along with the Rietved fit from which the lattice parameter obtained is displayed in Table I .
The XRD measurements were performed at LCT-laboratory at Polytechnic Institute of University of São Paulo (USP). The data were analyzed by the Rietveld method with software Rietica. 9 Table I shows the results of Rietveld refinement and a comparison of the experimental lattice parameter with the theoretical one. The quality of refinement can be verified by Rp (profile R-factor) parameter that is a numerical statistical indicator. The analysis showed only one phase but the XRD pattern presents few very small peaks that couldn't be identified. TEM micrographs are showed in Figure 2 -A it's suggested the formation of nanorod-like particles form and it can see a good distribution in all sample. The accurate inspections in one of these nanorod-like particles by the TEM are displayed in the Figure 2B . The resolution of image revealed only one mono-dominium region with homogenous crystallographic planes but in a layer or around 1-2 nm near the surface it is possible to observe irregularities in the plane lines. This result supports the stable phase, the separation on crystalline plane is the average interfringe distance of nanocrystals was measured to be ∼ 0.41 nm this value is in agree with lattice parameter obtained by Rietveld analysis. Both results, XRD pattern and TEM images, suggest a stable crystal lattice structure of La 0.5 Ba 0.5 MnO 3 .
C. Local study by perturbed angular correlation (PAC) spectroscopy
PAC technique is based on the observation of hyperfine interaction nuclear moments with extra-nuclear magnetic field or electric gradient. More detailed can be found elsewhere. 10 spin-rotation spectra for 140 La( 140 Ce) are displayed as -R(t) with the y axis inverted. For magnetic hyperfine interactions, G 22 (t) = 0.2 + 0.4 ∑ n=1,2 cos(nωLt) and its measurement allows the determination of the Larmor frequency ωL = µNgB hf ̵ h, where µ N is the nuclear magnetron and g is the nuclear g-factor, and the calculation of the magnetic hyperfine field B hf . The perturbation function for electric quadrupole interactions is given by G 22 (t) = S 20 + ∑ n=1,2,3 S 2n (η)cos(gn(η)νQt), where the quadrupole frequency νQ = eQVzz/h and the asymmetry parameter η = (Vxx − Vyy)/Vzz, can be experimentally determined allowing the calculation of the components V kk , k = x,y,z of the electric field gradient tensor.
The experimental data were acquired using PAC spectrometers with six and four detectors arrangement. The experimental data were fitted by using a model that takes into account the only magnetic dipole interactions for the case of measurements with 140 La( 140 Ce) probe nuclei and for the case of 111m Cd( 111 Cd), a combined electric quadrupole plus magnetic dipole interaction has been used.
III. RESULTS AND DISCUSSIONS
140 La → 140 Ce probes: In order to activated 140 La probe nuclei (present as natural Lanthanum isotope 139 La), after synthesis samples were irradiated with neutrons in the pneumatic station of the IEA-R1 nuclear research reactor of IPEN for 3 minutes with a thermal neutrons flux of about 6 x 10 12 n cm -2 s -1 . In order to verify the activation, gamma emission measurements of the samples were performed using a HP(Ge) detector (Model GC 3020) coupled to a digital spectrum analyzer (DSA-1000), both from Canberra. Samples were measured after 1, 18, 24 and 48 h of decay times and counting time was of 600 seconds. This method could be used because natural La is present in samples and the location of the probe nuclei for PAC measurements in the crystalline structure is unambiguously determined.
The gamma energies of 328.8 keV and 487.0 keV of 140 La (used in the PAC spectroscopy) could be identified. Besides this, gammarays peaks of 56 Mn (Eγ of 847.3 and 1812.9 keV and t 1/2 of 2.57 h) and 139 Ba (Eγ of 166.04 keV and t 1/2 of 84.63 min) were identified with much higher intensities. But after 48 h of decay time show only the gamma peaks of 140 La, during this period the sample was annealed at 800 ○ C. Therefore, PAC measurements with 140 La( 140 Ce) probe nuclei were carried out 10 K to 300 K and the spin-rotation R(t) spectra can be seen in the Figure 3 -B. The analyses were made using two dipolar magnetic sites.
Although the measurements were performed with 140 Ce probe nuclei, it is expected that these probes be at the unique La positions in the crystalline structure because 140 Ce nuclei result from the betadecay of 140 La. However, our results show that 140 Ce occupy two site fractions with different Magnetic Hyperfine Field (B hf ). The major fraction (site 2 in Fig. 3 ) with lower B hf is ascribed probes at regular 
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La sites, whereas the minor fraction (site 1 in Fig. 3 ) with higher B hf is assigned to probes at defective La sites probably with Oxygen vacancies in their nearest neighbor. Figure 3 -B shows the B hf at La sites measured with 140 Ce as function of temperature. For both site fractions of probe nuclei, we can observe the ferromagnetic transition around 325 K followed by an antiferromagnetic transition below 200 K as showed in previous paper. 7 Below this transition temperature, AFI(CE) phase coexists with the FM phase. However, below around 100 K ω L results show that only antiferromagnetic interactions are predominant since at La sites the transferred field from Mn ions cancels due to the spin structure (see Fig. 3a ) formed by these magnetic ions. Therefore, no modulation in R(t) spectra was observed below 100 K, this occurrence can be attributed to predominant antiferromagnetic transition characteristic of this double perovskite. In antiferromagnetic phase, the transferred field from the nearest Mn neighbors cancels at La site, then this is the reason that the frequency was drove to vanish. Second, the amplitude of the R(t) spectra (anisotropy) in antiferromagnetic region are very low when compared to those for the ferromagnetic region, this low anisotropy can be attributed to a spin glass behavior due to spin disorder. Spin glass behavior is in accordance with previous studies in Y 0.5 Ba 0.5 MnO 3 below 50 K. 13 111m Cd → 111 Cd probes: 111m Cd (t 1/2 = 49 min) nuclei were implanted into pellet samples of La 0.5 Ba 0.5 MnO 3 at the on-line isotope separator ISOLDE at CERN with implantation energies of 60 keV and a dose of 10 12 cm -2 for each implantation. In order to remove the implantation damage, samples were annealed in air with different thermal history in order to obtained good resolution of the spin rotation spectra R(t). Resulting PAC spectra are displayed in Fig. 4 , where, at the top, the first measurement taken after annealing at 850 ○ C following the implantation can be seen. This R(t) spectrum presents a broad frequency distribution (characterized by a strong damping of amplitude after few ns), This damping suggests that probably probe nuclei are trapped at the interstitial positions and or strong disorder due implantation damage is present in the sample. On the other hand, with annealing at 1000 ○ C (see Fig. 4 , middle and bottom spectra) we could observe a good modulation of R(t) spectra with very low damping. These characteristics indicate that probe nuclei are at substitutional sites and have replaced cationic atoms in the crystalline lattice of the La 0.5 Ba 0.5 MnO 3 .
The fits of spectra for 111m Cd( 111 Cd) were performed using a model in which a combined electric quadrupole plus magnetic dipole interaction are considered. Due to the similarity of the ionic radius values of Cd and La, we suppose that 111m Cd probes replace the position of La atoms. 14 In addition to support this assumption is the fact that B hf vanishes below 100 K due to the spin cancel at La positions in the AF phase. 7 Results of the fit of spectrum measured at room temperature (RT) after annealing at 1000 ○ C show that probe nuclei occupy a single site fraction characterized by a quadrupole frequency ν Q = 84. reaches 5.7 T, which is close to the value of 5.2 T estimated for the FM phase in LaBaMn 2 O 6 when measured with NMR using 139 La as probe nuclei. 7 Below around 150 K, B hf increases sharply most probably due to the polarization of the 4f electron in Ce. 14 The small value of B hf measured with 111 Cd at RT indicates a super exchange mechanism via oxygen orbitals between Mn magnetic ions and La ions which is weaker when the bond angle is near 90 ○ . B hf is null for both probe nuclei below 100 K indicating a pure AF interaction and ruling out the possibility of the co-existence of FM plus AF interactions.
IV. CONCLUSION
Experimental data from hyperfine interactions measurements in La 0.5 Ba 0.5 O 3 using different probe nuclei constitute a very interesting tool to characterized chemical and physical properties in complex oxides such as double perovskites. In the present work, PAC measurements using 140 La( 140 Ce) showed that only magnetic dipole ARTICLE scitation.org/journal/adv interactions are detected with good precision allowing the determination of magnetic transition phases characterized by T C = 325 K (PM to FM) and T =200 K (FM to AF(CE)+FM) and T N ∼100 K (AFM). On the other hand, the amplitude of R(t) spectra was a sensitive parameter to detected order or disorder in magnetic phases of this sample. The magnetic disorder showed in these samples are due to spin glass behavior, which is characteristic of double perovskites. Furthermore, 111 Cd present a strong evidence that the sample doesn't have a structural transition in the range of 295 K to 77 K but, in order to confirm this supposition, measurements at different temperatures within this range are necessary. The evidence of no structural transition reinforces the conclusions obtained from measurements with 140 Ce about magnetic transitions and the spin glass behavior due to only a spin disorder region and not due to structural transition phase.
